Taiwan's most significant natural hazards are caused by hydrological extremes resulting 22 from excessive precipitation. The threat of extreme precipitation is posed by several different 23 types of weather patterns that affect Taiwan. This study examined the bi-decadal changes in 24 rainfall by defining an extreme precipitation occurrence (EPO) for a range of event durations 25 from 1 to 24 hours. Three major weather types affecting EPO in Taiwan Taiwan, population of 7 million) were compared, and an intriguing interannual variation is 36 reported in the TC-type EPO associated with the TC season one year to a year and half just 37 before an ENSO event. The analysis here provides refined statistical distributions of extreme 38 rainfall and these can contribute to the revision of governmental definitions for weather 39 disasters that are used in mitigation and response strategies. 40 41
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Introduction 42
In terms of natural disasters, the World Bank ranks Taiwan as having the highest mortality risk, 43 highest economic risk, and as being most exposed to "multiple hazards" than any other country 44 (Dilley et al. 2005 ). Taiwan Taiwan. The East Asian summer monsoon (EASM) creates a distinct onset-break-revival-60 withdrawal lifecycle in Taiwan's summer rainfall ) and each phase of this cycle 61 features 1-2 dominant types of weather system (Chen and Chen 2003; Wang and Chen 2008) . 62
In the monsoon onset/active phase, frontal systems produce mesoscale convective systems 63 (Fig. 1a) . 86
When seeking to detect change in precipitation over time, data quality becomes crucial. 87
Because many stations are located in remote mountains and valleys and therefore relay 88 observations through radio waves, it is not uncommon for the signal of certain stations to 89 become attenuated during heavy-rain events (when the transmission is most crucial). When 90 signal is lost, a code appears in the raw data indicating a missing value; but when the signal 91 resumes, the station transmits the rainfall amount accumulated over those missing hours 92 (instead of the rainfall for the hour of resumed communication alone). This creates false short-93 duration heavy rainfall that can skew the distribution of precipitation extremes. 94
95
Here, precipitation record errors due to these radio telemetry issues in Taiwan's automated 96 rain gauge network were identified and removed. For example, an erroneous record of 97 extreme precipitation is displayed in Figure 2b , which shows a large precipitation reading on 13 98
October 1999 from station C0T960 in eastern Taiwan. Two signs indicate error in this reading: 1) 99 no systematic pattern is apparent in the rainfall map ( Figure 2a ) and 2) a period of continuous 100 missing communication (coded -9996) is noted in the station's record leading up to the large 101 rainfall amount (Figure 2c ). To detect this type of recording error, an algorithm-based method 102 using similar criteria was used to review the hourly precipitation data for each of the 592 103 stations over the 23-year period of 1993-2015, amounting to 5 million data points being 104 examined. Subsequently, about 230,000 data points were "flagged" and removed. These 105 errors account for only 0.18% of the entire data set. However, when considering the 106 identification of far-tail extremes in precipitation, this number could become significant. 107 Extreme precipitation was defined for six durations of 1, 2, 3, 6, 12, and 24 hours (h). For 1h 121 precipitation, we selected only one maximum hourly precipitation from all available stations 122 during each day. These 1h precipitation values formed a gamma distribution of 8,109 rainy 123 days over the 23 years, defined as at least one station with daily rainfall exceeding 1mm. An 124 extreme precipitation threshold was then given as two standard deviations (in mm) above the 125 mean of the maximum 1h values, equivalent to events that rank as the top 3.9% among all 126 records, or the 95th percentile. Any day that was marked by this 1h extreme precipitation 127 occurrence in at least one station was denoted as 1h EPO hereafter. Hence, the EPO value for a 128 day is either one or zero. The same approach was applied for the 2h, 3h, 6h, 12h, and 24h 129 The diurnal type of rainfall events is identified as when i) the major rainfall peak was detected 164 in an afternoon/evening (1200-2100 LST), ii) no rainfall was detected in the morning (0600-165 1100 LST) of that day, and iii) synoptically inactive conditions were present around Taiwan (21-166 26°N, 119-122°E). Here, synoptic inactivity means a lack of convective clouds or frontal bands 167 over the island before the afternoon/evening convection occurs, thereby excluding potential 168 effects from any synoptic weather systems (fronts, tropical disturbances, etc.). This procedure 169 follows the "diurnal category" definition in Wang and Chen (2008) . Examples of these three 170 main weather types are shown in Supplemental Figure S1 along with a 24h precipitation map 171 with a further description. We note that while Wang and Chen (2008) categories has a small sample size that prohibited meaningful trend analysis. Thus, the extreme 180 precipitation thresholds defined in Section 2b were applied to these four weather types when 181 analyzing trends. 182 in EPO followed by short period of reduced EPO in late June (Fig. 4a, b) . This evolution of EPO 206 presents an interesting subseasonal feature that apparently follows the subseasonal 207 progression of the East Asian summer monsoon ). The May-June increase of 208 the 3h EPO is distinctly larger than those for the other EPOs, supporting the dominance of 209 front-type weather given its 3h peak as shown in Fig. 3a . A second subseasonal peak in EPO, 210 the annual maximum for all durations, occurs during the first half of August (Fig. 4a, b) . While 211 this appears as a sharp peak for almost all durations, the 1h EPO delineates a more spread 212 distribution during the typhoon season (July-September) than other categories (Fig. 4a) . The 6h, 213 12h, and 24h EPOs then show additional peaks during the early October period (Fig. 4b) . In terms of the annual variation in EPO, the front and diurnal types of weather do not reveal 254 any significant trends, except for a slight increase in the 1h diurnal type (Table 1 ). (Fig. 1a) . The basin that 268 encompasses Taipei City and New Taipei is inhabited by around 7 million people, accounting for 269 34% of Taiwan's total population. Given its relative importance in population, economy, as well 270 as climatological differences from the rest of Taiwan such as a strong heat-island effect (Chen et  271 al. 2007 ), we decided to conduct a separate EPO trend analysis for Taipei. 272 273 By using the rain gauges within the boundary of New Taipei (Fig. 1a inset) and following the 274 procedure in Section 2a, we derived a different set of EPO that is referred simply as Taipei  275 hereafter. As shown in Fig. 7 and Table 2, the pre-monsoon season has shown an increase in 276 EPO and this increase is more pronounced at longer durations, a feature not reflected in the 277 rest of Taiwan (Fig. 5) . The 24h EPO has increased with the highest significance (p<0.01). As 278 shown in Table 2 and Figure 8 , the front-type extreme precipitation has increased in Taipei La Niña years. In Fig. 9c and Fig. 9d , we plotted the TC-type EPO for all years, El Niño/La Niña 313 years, and their precursor years (El Niño-1/La Niña-1) for the 12h and 24h durations. 314 Interestingly, the difference between El Niño-1 and all years is significant (p<0.05 via a non-315 parametric test), and those between La Niña-1 and all years and between La Niña and all years 316 are even more significant (p<0.01). This is the case for both 12h and 24h durations. By 317 comparison, there is not a significant difference between El Niño and all years. increased TC-type EPO remains speculative because, after plotting composite SSTA and wind 330 differences between El Niño-1 and La Niña-1 (Fig. S2) 
